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Escherichia coli are normal inhabitants of the gastrointestinal tract of human and animals including fish. In the 
present study, E. coli strains were isolated from water, sediment, and intestines of wild catfish from freshwater 
environment. The sampling method was carried out in three different locations; Batu 11, Matang and Samariang. 
Further identifications of presumptive E. coli were made by using biochemical tests, including IMViC test, 
oxidase test and catalase test. Sixteen isolates of presumptive E.coli tested by biochemical tests fit the E. coli 
profile. The 16 isolates of E. coli were characterized by antibiotic resistance profile and PCR-based DNA 
fingerprinting. In antibiotic susceptibility testing, the antibiotics used were ampicillin, carbenicillin, 
chloramphenicol, kanamycin, tetracycline and nalidixic acid. All of the E. coli isolates (100%) were susceptible 
to ampicillin, tetracycline and nalidixic acid, although low level of resistance (6.2%) were observed against 
carbenicillin, chloramphenicol and kanamycin. These results may suggest that E.coli isolates from the wild 
catfish and its environments were susceptible to the selected antibiotics due to the environmental factor, as wild 
catfish rarely being exposed to these antibiotics. Based on the DNA fingerprinting, 6 different patterns of E. coli 
genomes were detected. It indicates that E. coli isolated from water, sediment, and the catfish were clonally 
diverse and these isolates were susceptible to the commonly use antibiotics. 




Escherichia coli biasanya mudah terdapat di dalam usus perut manusia dan haiwan, termasuklah ikan. Di dalam 
kajian ini, E. coli telah diasingkan dari air, mendakan, dan usus ikan keli liar daripada persekitaran air tawar. 
Kaedah persampelan telah dijalankan pada tiga lokasi yang berlainan, iaitu Batu 11, Matang, dan Samariang. 
Ujian biokimia seperti ujian IMViC, ujian oksidase, dan ujian katalase dijalankan terhadap pencilan yang 
berkemungkinan E. coli. Enam belas pencilan yang berkemungkinan E. coli memenuhi profil E. coli dan 16 
pencilan tersebut melalui ujian ketahanan antibiotik dan PCR berasaskan cap jari DNA. Di dalam ujian 
ketahanan antibiotik, antibiotik yang digunakan adalah seperti ampisilin, karbenicillin, kloramfenikol, 
kanamisin, tetrasiklin, dan asid nalidisik. Kesemua pencilan (100%) adalah sensitif kepada ampisilin, tetrasiklin, 
dan asid nalidisik, walaupun terdapat tahap ketahanan antibiotik yang rendah (6.2%) terhadap karbenicillin, 
kloramfenikol, dan kanamisin. Keputusan ini menunjukkan pencilan E.coli daripada ikan keli liar serta 
persekitarannya adalah sensitif kepada antibiotik tersebut berikutan kepada faktor persekitaran, memandangkan 
ikan keli liar jarang terdedah kepada antibiotik. Berdasarkan cap jari DNA, terdapat 6 pola yang berbeza pada 
genom E. coli di dalam kajian ini. Ini membuktikan E. coli daripada air, mendakan, dan ikan keli liar 
menunjukkan kepelbagaian klonal dan pencilan tersebut adalah sensitif kepada antibiotik yang biasa digunakan. 
 





1.0      Introduction 
 Escherichia coli (E. coli) can be found in the lower intestine of endotherms. This 
bacterium also can be found and isolated from the intestine of the catfish in the pond and 
freshwater environments (Suhalim, 2008). The presence of E. coli on the flesh of fish indicates 
that they have the potential to cause human disease when they are consumed or handled (Pal 
and Dasgupta, 1992). E. coli is important as an ideal indicator organism to test environmental 
samples for fecal contamination. 
 
Moreover, there is also a relationship between the types of bacteria being carried in the 
gastrointestinal tracts of fish with the level of contamination of water. Based on the earliest 
study made by Geldrich and Clarke (1996), the bacterial flora of fish reflects the 
bacteriological quality of water from where the fish is originated. Although a number of 
extensive studies have been carried out on fish reared in wastewater (Buras et al., 1987, Pal 
and Dasgupta, 1992), not much information is available on the microbiological aspects of fish 
grown in freshwater.  
 
           There is an occurrence and emergence of antibiotic bacterial resistance in the 
aquaculture environment. Some research done towards bacterial species isolated from intestine 
of fish indicates that the same bacterial species also can be found in the water sample taken 




           In contrast, there is not much research that had been done towards the antibiotic 
resistance of E. coli isolates from wild catfish in the freshwater environments. 
 
           Therefore, the objectives of this study are: 
1. To isolate and identify Escherichia coli from wild catfish and its environments. 
2. To carry out antibiotic susceptibility test for the E. coli isolates.   
3. To determine the genetic diversity of the E. coli isolates by using Polymerase Chain 













2.0      Literature Review 
   2.1      Escherichia coli as a Selected Test Organism 
   2.1.1      Types of E. coli 
           Escherichia coli is a gram negative bacterium which is classified as part of the 
Enterobacteriaceae family of gamma-proteobacteria. E. coli are known for their ability to 
survive outside the host’s body for a long period. This characteristic makes E. coli as an ideal 
indicator organism to run the environment sample test, for example the study for fecal 
contamination. Other than that, E. coli also can be grown easily and it can occupy multiple 
niches including human and animal hosts (Okeke, 1999).   
 
           There are many types of E. coli and most of them are harmless. The pathogenic E. coli 
can be divided into five groups such as enteroaggregative (EAggEC), enteroinvasive (EIEC), 
enteropathogenic (EPEC), enterotoxigenic (ETEC), and enterohaemorrhagic (EHEC). The 
common strain within the enterohaemorrhagic family is E. coli 0157:H7.  
 
           E. coli O157:H7 is the most common E. coli strain in associating with the human and 
animal disease. The main reservoir for E. coli O157:H7 is the intestine of healthy cattle (Mead 
and Griffin, 1998). These enterohaemorrhagic strains produce the shiga-like cytotoxins, Stx-1 
and Stx-2, which inhibit protein synthesis in epithelial cells. Other than that, E. coli O157:H7 







Figure 1: Electron micrograph of Escherichia coli 













   2.2      Diseases Caused by E. coli 
           Gastroenteritis, urinary tract infections and intra- abdominal infections are some of the 
diseases caused by E. coli. Gastroenteritis can cause symptoms of diarrhoea, vomiting, fever 
and abdominal pain. The source of the infecting strains is usually from contaminated food or 
from other people who have the infection. Other than that, travellers diarrhoea is often caused 
by a strain of E. coli.  
 
          The urinary tract infections (UTIs) include cystitis, kidney infections and other urine 
infections. Many of the E. coli strains are those that live harmlessly in the gut, but they can 
cause the infections if they get into the bladder or other parts of the urinary tract. 
 
         In the intra- abdominal infections, these infections occur inside the abdomen especially 
when a part of the gut is damaged or perforated. This allows the normally harmless E. coli 
bacteria that live in the gut to get into the abdomen and cause infection. 
  
         The other diseases related to E. coli are the haemolytic uraemic syndrome and 
thrombotic thrombocytopaenic purpura. These diseases occur as a result of a toxin which is 
produced by certain strains of E. coli. One of the most essential toxin-releasing strains is vero 






   2.3      Catfish and its Environments 
           Catfish are a very common group of bony fish and are diverse in size and behavior 
from the heaviest, such as the Mekong giant catfish from Southeast Asia and the longest Wels 
catfish of Eurasia. Catfish are also monophyletic group which has been supported by 
molecular evidence (Sullivan et al., 2006). The most common type of catfish are channel 
catfish and flathead catfish. 
 
           Channel catfish are one of the most common types of catfish. The scientific name for 
channel catfish is Ictalurus punctatus (Holtan, 1998). Channel catfish are primarily river 
residents and they are most prevalent in the major river systems of southwestern and western 
Wisconsin (Holtan, 1998). These catfish usually prefer clear water stream and they are more 
tolerant of turbid water. They have blue to olive backs, whitish bellies and silvery sides 
mottled with distinctive black spots of varying sizes (Holtan, 1998). Occasionally, the channel 
catfish which are primarily scavenger move along the shores to feed a various types of plant 
and animal materials (Wellborn, 1988). 
 
           Flathead catfish or Pylodictis olivaris is one of the invasive species because of its 
ferocious feeding habits, large size, and its ability to swim long distances in a short period of 
time (Brown et al., 2006). The flathead catfish is a unique catfish which can grow up to more 
than 45 kg under certain ideal conditions. These catfish have a broad, flat head and lower jaw 




           The main habitat for flathead and channel catfish are the pools with submerged logs or 
other debris, in which it disrupts the stream flows that maintain the holes, so that the catfish 
can get some shelter from the river currents (Becker and George, 1983). 
 
           Clarias is another genus of catfish which is also known as the airbreathing catfish. It 
can be distinguished by their long-based dorsal and anal fins which make them an eel-like 
appearance. These types of catfish have a flat bony head, slender bodies and a large accessory 
breathing organ which compost of modified gills arches (Ng and Heok, 2003). They can be 
found mainly in Southest Asia and East Asia (Lim et al., 1999). 
 
           Catfish are found primarily in freshwater environments and most inhabit shallow and 















2.4      Biochemical tests  
   2.4.1      Gram staining 
           Gram staining is an important technique in distinguishing bacterial species into two 
large groups, which are gram negative bacteria and gram positive bacteria based on the 
physical property of their cell walls. The gram negative bacteria have an outer membrane of 
phospholipids and bacterial lipopolysaccharides outside of their thin peptidoglycan layer. In 
contrast, the gram positive bacteria have a thick cell wall of peptidoglycan, in which it consists 
of interleaving filaments. These interleaving filaments comprise of alternating acetylmuramic 
acid and actylglucosamine monomers. In gram staining procedure, a heat fixed bacterial smear 
is stained using crystal violet, treated with iodine solution, followed by washing the bacterial 
smear with alcohol. The last step in gram staining is the counterstain using safranin. 
 
           The cell morphology of both gram positive and gram negative bacteria such as bacilli 
and cocci can be observed and determined by referring to the Bergey’s Manual of 











   2.4.2     IMViC tests 
           IMViC tests are used in this study to distinguish the enteric (Family 
Enterobacteriaceae). Doyle and Padhye (1989) reported that E. coli can be divided into 2 
biotype, which were biotype I and biotype II by using IMViC test. Biotype I were 
characterized by IMViC (+ + - -) and biotype II, IMViC (- + - -). Indole test is carried out in 
order to identify the ability of an organism to split indole from tryptone molecule in the 
presence of tryptophanase. The degradation of tryptophan releases indole, pyruvic acid, 
ammonia and energy. Bacteria utilize pyruvic acid and ammonia in a way to satisfy the 
nutritional needs, while indole accumulates in the medium. The presence of indole can be 
detected by the addition of Kovac’s reagent into the medium containing the growth culture. A 
cherry red color forms at the end of the reaction indicates that it is a positive reaction while a 
yellow color formation indicates that it is a negative reaction. 
 
           Methyl- red test is basically detecting in changes of pH in the medium. If pH 4.0 is 
achieved, the pH indicator methyl- red will turn to red showing that it is a positive result. This 
can be due to the production of acids by bacterial cells, for instance lactic, acetic and formic 
acids. The test is of value in differentiating between E. coli and E. aerogene. E. coli is a mixed 
acid fermenter where the end products were mixture of fermentation acids. Whereas the other 
is a butanediol fermenter. It produces butanediol, acetoin and fewer organic acids. These 
products do not reduce the pH to 4.0, as it only reach pH 6.0. Therefore, the negative result is 





           Voges- Proskauer test is carried out to identify the formation of 2,3- butanediol in the 
medium from glucose fermentation. The addition of 40% and 50% solution of α- napthol in 
absolute ethanol (Baritt’s reagent) detect the presence of acetoin in which is a precursor in the 
synthesis of 2,3- butanediol. A cherry red color will be formed in the presence of the reagents 
and acetoin. The progress of a red color in the culture medium within 15 minutes following 
the addition of Baritt’s reagent shows that it is a positive test, while the absence of a red color 
indicates that it is a negative test. 
 
           The citrate test is useful to find out the ability of selected bacteria to utilize citrate as 
the carbon source for their energy needs. This ability depends on the presence of citrate 
permease which facilitates the transport of citrate into bacterium. In the bacterium cell, citrate 
is converted to pyruvic acid and carbon dioxide. The carbon dioxide will combine with 
sodium in Simmon’s citrate agar and water to form sodium carbonate. Sodium carbonate is an 
alkaline product. As a result, it raises the pH and turns the pH indicator to a blue color.  The 
color changes of the pH indicator shows that it is a positive result, while if there is no color 











2.5      Antibiotic Resistance 
   2.5.1      Bacterial Resistance to Antibiotics 
           Antibiotics are widely used in aquaculture for the treatment and prevention of bacterial 
infections in cultured species. Other than that, antibiotics are also broadly used in clinical 
medicine and in terrestrial agriculture. 
 
           Resistance to antibiotics is prevalent in bacterial isolates worldwide, especially in 
developing countries. Routine monitoring of antibiotic resistance provides data for antibiotic 
therapy and resistance control (Okeke et al., 1986). E. coli is one of the most common bacteria 
that is useful as an indicator of antibiotic resistance in bacteria in a community. Furthermore, 
the majority of bacteria that occur in aquaculture sites are harmless to humans or other 
animals, including the cultured species. However, certain groups of indigenous bacteria 
occurring at high densities may play a role as reservoir organisms of antibiotic resistance 









    2.5.2      Mechanism of Antibiotic Resistance in Bacteria 
Table 1: Classification of beta-lactamases 
Classification of beta-lactamases 
Enzyme Class A,D B C 
Substrate(drugs lysed) Variable, often 




All but carbapenems 

















Chromosomal/Plasmid Plasmid Chromosomal/Plasmid Chromosomal/Plasmid 
Organisms Gram positive and 
Gram negative 
Gram negative Gram negative 
Clavulanate Inhibition Yes No No 
Inducible No No Yes 


















           The mechanism of antibiotic resistance in bacteria involves beta-lactamases, which are 
enzymes that hydrolyse beta-lactamases antibiotics such as penicillins, cephalosporins, 
monobactams and carbapenems. They are of several kinds depending on their characteristics, 
such as which antibiotics they lyse and other properties as shown in the Table 1 (Kumar, 
2009). They are grouped into classes A, B, C and D. Classes A and D include Beta-lactamases 
that range from narrow spectrum Beta-lactamases, which lyse only a narrow spectrum of drugs 
such as E. coli resistant to only amplicillin but susceptible to other antibiotics, to extended 
spectrum beta-lactamases (ESBLs), that lyse a broad spectrum of drugs including not only 
penicillins but also extended spectrum cephalosporins. ESBLs are produced by various Gram-
negative bacteria, but most commonly E. coli (Kumar, 2009). Futhermore, ampC Beta-
lactamases are associated with inducible resistance. Therefore, pathogens producing these 
enzymes may not display phenotypic resistance initially but do so after exposure to certain 
antibiotics such as ampicillin, cephalosporins and imipenem, which lead to expression of 
resistance (Hawkey et al., 1992).  
 
 
 
 
 
 
